It has been reported that individuals with the D allele of an insertion/deletion (I/D) polymorphism of the angiotensin converting enzyme (ACE) gene are at greater risk for myocardial infarction (MI), especially among subjects normally considered to be at low risk. However, little is known about the mechanism by which the ACE polymorphism affects the risk of MI. Coronary artery spasm (CAS) is considered to be one possible mechanism for developing MI. We therefore examined the ACE polymorphism relation to CAS to determine if this was the mechanism by which the DD genotype influences MI. We studied 150 angiographically assessed Japanese males, all more than 60 yr old. CASs were detected using intracoronary injection of ergonovine maleate. Subjects were divided into three groups: those with CAS (group 1), those without CAS, but with fixed organic stenosis (group 2); and those without CAS and no organic stenosis (group 3). DD subjects were significantly represented in group 1 when compared with groups 2 (P = 0.002) and 3 (P = 0.026). These results suggest that the DD genotype relates to the greater risk for MI in the patients with CAS.
Introduction
Coronary heart disease is a major cause of death in most industrialized countries. Although several risk factors such as hyper-lipidemia, obesity, hypertension, cigarette smoking, male gender, and diabetes mellitus have been identified by epidemiological study, the genetic factors of myocardial infarction (MI)' are poorly understood. Angiotensin converting enzyme (ACE) plays a key role in the production of angiotensin II (Ang II) and in the catabolism of bradykinin. These two peptides are involved in the modulation of vascular tone and in the proliferation of smooth muscle cells. Thus, the ACE gene is a logical etiological candidate for MI. In a multicenter study designed to identify genetic determinants of MI, Cambien et al. (1) found that the frequency of a deletion polymorphism in the ACE gene was significantly elevated in MI patients when compared with controls, especially in people otherwise classified as low risk according to their body mass index (BMI), plasma apo B, or total cholesterol. Before this study, Rigat et al. (2) showed that plasma ACE concentration is strongly associated with the ACE insertion/deletion (lID) polymorphism (i.e., ACE levels are DD > ID > II). More recently, Tiret et al. (3) did a further study using the same subjects as the Cambien et al. study (1) and reported that the relationship between the D allele and MI was greatest in those subjects with a C allele of Al"-*C polymorphism (an A-RC transversion at position 1166) in the Ang II type I receptor (AGTR) gene. Other groups have studied the frequency of the DD genotype in coronary artery disease. The finding of Cambien et al. (1) that the DD genotype is associated with increased risk for MI is supported by reports of subjects from various ethnic backgrounds (i.e., Japanese [4, 5] , a Welsh community [6] , and angiographically assessed patients in Utah [7] ). However, studies of Norwegian MI patients (8) and a prospective case-control study of American male physicians (9) failed to demonstrate an association between DD and MI. In our analysis, we observed a positive relationship between DD and MI (our unpublished data). However, the mechanism whereby ACE is involved in the pathogenesis of MI remains unknown.
In the mid 1970s, it was found that coronary artery spasm (CAS) causes variant angina (10) (11) (12) (13) . CAS is also considered to play an important role in the production of some acute myocardial infarctions (14, 15) . A dynamic interaction between spasm, platelet aggregates, and atherosclerotic plaque may precede coronary thrombosis. Although considerable research has been done for more than a decade on CAS, with the exception of cigarette smoking (16) (17) (18) (19) , the causes and predisposing factors of CAS remain unknown.
Therefore, we hypothesized that ACE and AGTIR could be involved in the pathogenesis of MI through CAS by way of hyperreactivity of smooth muscle. In this study, we examined Japan) and recorded using a model 8M15 Omnicorder (NEC Co.). Chest leads used were radiolucent carbon electrodes. Conditions of coronary arteries were described following the criteria of the American Heart Association Committee Report (21) by two independent investigators. Serum ACE measurement. Serum ACE activity was measured in duplicate by a colorimetric method based on the quinoneimine dye produced from the substrate of p-hydroxybenzoyl-glycyl-L-histidyl-Lleucine (22) . The subjects measured were selected randomly from our outpatient clinic.
DNA studies. DNA was extracted from peripheral blood by use of a DNA extractor WB kit (Wako, Osaka, Japan). Genotyping of ACE IID and AGTIR A "66-C polymorphisms was assayed by DNA amplification. For ACE genotyping, the sequences of the sense primer and the antisense primer were 5'-CTGGAGACCACTCCCATCCTTTCT-3' and 5 '-GATGTGGCCATCACAYTCGTCAGAT-3', respectively.
Reactions were performed in a final volume of 25 41 containing 5 pmol of each primer, 2.0 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl (pH 8.4), 0.1 mg/ml gelatin, 0.1 mM of each dNTP, and 0.5 U Taq polymerase (Perkin Elmer Co., Foster, CA). The DNA was amplified for 30 cycles with denaturation at 940C for 60 s, annealing at 64°C for 45 s, and extension at 720C for 60 s using a Thermal Cycler 480 (Perkin Elmer Co.). The PCR products were separated by 2% agarose gel electrophoresis, and DNA was visualized directly with ethidium bromide staining. We confirmed the accuracy of the genotyping results in the DD homozygotes by using an insertion-specific primer, because the D allele is preferentially amplified versus the I allele (23) . For AGTR genotyping, allele-specific oligonucleotide hybridization after amplification of the gene was performed, using the primers, probes, and other experimental conditions described by Bonnardeaux et 
Results
Subjects were divided into three groups. Clinical and biological parameters are listed in Table I (for more in-depth details, see Methods). Cigarette smoking was significantly more prevalent in groups 1 versus groups 2 and 3, which is consistent with previous studies (16) (17) (18) (19) . There were significant differences in HDL cholesterol levels among the three groups. Group 3 has the highest level, while group 2 has the lowest. HDL cholesterol levels were significantly lower in both groups 1 and 2 compared with group 3 (both P < 0.01) and also when group 2 was compared with group 1 (P < 0.05). No (25) . In this study, the vast majority of DD subjects was in the CAS group (group 1). The DD frequency in group 1 is significant compared with group 2 (P = 0.002) and group 3 (P = 0.026). On the other hand, the C allele frequency of the AGT1R gene in 423 Japanese subjects was 0.09, which is significantly low compared with a reported frequency (q = 0.29) in Caucasians (3). There were no subjects with CC genotype in our study group. The frequency of subjects with the AC genotype is low in group 1 compared with group 2 in marginal significance (P = 0.047).
By univariate analysis of the above-mentioned factors, only A multiple logistic model was applied to evaluate the risks compared with a reference group with none of the risk factors. Four factors (group 1 versus group 2) and three factors (group 1 versus group 3), which were significant by univariate analysis, were subjected to a stepwise regression analysis to select significant factors. Only the factors for the groups listed above were found to be significant by this method.
smoking, DD genotype, HDL cholesterol level, and AGTIR genotype (only for group 1 versus group 2) were significant for CAS. Therefore multivariate analyses were performed using these variables. Only smoking and DD genotype were found to be significant factors when groups 1 and 2 were compared. The odds ratio when both smoking and DD were combined is 48.4 (Table III) . For group 1 versus group 3, all three factors were significant, and, when combined, the odds ratio was 44.7 (Table  III) . Among 17 subjects with DD genotype in group 1, 11 subjects were with smoking and 6 with all three factors. As shown in Table IV (30) . These data seem to indicate that smooth muscle hyperreactivity is one of the major mechanisms of CAS.
In this study, we observed higher serum ACE levels in DD subjects than in ID and II subjects, which agrees with other reports (2, 5) (Table IV) . The renin angiotensin system is present in vascular cells (31) . However, the major source of renin in vascular cells is thought to be the kidney (32), as endogenous renin expression is too low to account for intracellular renin levels (33) . Reports by several investigators suggest that in vivo increases in local vascular ACE activity result in parallel increases in tissue Ang I conversion to Ang II with corresponding changes in local function (34) (35) (36) (37) (7) claimed that among patients with coronary artery disease (defined by > 60% stenosis in any major coronary vessel) the occurrence of MI was significantly associated with the D allele. We feel that their data could also be explained by the existence of a significant number of CAS patients that caused MI with the D allele(s). In the low risk group defined by smoking, Cambien et al. (1) found no association between DD and MI. This seems to indicate that the existence of patients with CAS caused MI in their high risk group defined by smoking. Our finding that smoking and the DD genotype have a synergistic effect on CAS (Table M) does not conflict with this explanation.
We could not confirm the interaction of ACE and AGTIR proposed by Tiret et al. (3) by multivariate analysis, although we found the frequency of subjects with AC genotype in group 1 to be significantly low compared with group 2 (P = 0.047) ( Table II) . The frequency of the C allele (q = 0.09) in this study was much lower than in the Tiret (3) paper (q = 0.29), which is too low to get a meaningful result with our sample size. Therefore, this study does not provide any substantial information about this interaction.
